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In fluid dynamics, Couette flow refers to the laminar flow of a
viscous incompressible fluid in the space between two parallel
plates, one of which is moving and the other remains fixed.
Couette flow occurs in fluid machinery involving moving parts
and is especially important for hydrodynamic lubrication.
Couette flow has been used as the fundamental method for
the measurement of viscosity and as a means of estimatingthe drag force in many wall driven applications [1]. Magneto-
hydrodynamic (MHD) is concerned with the mutual interac-
tion of conducting fluid flow and magnetic field. The fluids
being investigated must be electrically conducting, which limits
the fluids to liquid metals, hot ionized gases (plasmas) and
strong electrolytes. The study of magnetic field effects has con-
siderable interest in the technical fields due to its applications
in industrial technology. These applications include MHD
power generators, cooling of nuclear reactors, liquid metal
flow control, micro MHD pumps, high-temperature plasmas,
biological transportation, drying processes and solidification
of binary alloy. Moreover, recent findings on magnetohydro-
dynamics have shown that the magnetic field produced by a
simple magnet placed in a transverse direction to the channel
does interact with the fluid flow and plays important role in
636 S. Das et al.the control of hot moving fluid in many metallurgical engineer-
ing applications, crystal growth, electrochemistry and other
thermal processes occurring at high temperature.
In many geophysical and industrial energy system flows, the
effects of the Coriolis force have a significant influence on the
fluid dynamics of the system. It has been widely demonstrated,
for example, that the hydromagnetic flow in the earth’s liquid
core generates the main geomagnetic field. Coriolis and hydro-
magnetic forces in this context are of the same order of magni-
tude. The interplay of these two forces is therefore of great
interest in magnetohydrodynamics. Rotating MHD generators
are also an area of primary applications. Due to vast applica-
tions of magnetic fields in conjunction with rotational effects in
modern material processing such as stabilization of thin mag-
netic liquid films and homogeneity control of conducting flu-
ids, many researchers have been interested in the study of
MHD flows in rotating systems. Fluid flows under the influ-
ence of applied magnetic field are apparent in certain engineer-
ing processes such as glass manufacturing, paper production,
polymer technology, plasma studies, geothermal energy extrac-
tion, ionized-geothermal energy systems, the boundary layer
control in the field of aerodynamics and blood flow problems.
Meanwhile, hydromagnetic flow and heat transfer have
received considerable attention in recent years due to its vari-
ous applications in science, engineering and industries. Fur-
thermore, hydromagnetic flow in a rotating environment has
received significant attention of several researchers due to its
applications in various technological situations which are gov-
erned by the action of Coriolis force. Oceanography, meteorol-
ogy, atmospheric science and limnology all contain some
important and essential features of rotating fluids. An order
of magnitude analysis shows that in basic field equations the
effects of Coriolis force are more significant as compared to
those of inertia and viscous forces. It is worthy to note that
Coriolis and magnetohydrodynamic forces are comparable in
magnitude and Coriolis force induces secondary flow in the
fluid. Several excellent studies have been presented concerning
rotating hydromagnetic flows for various geometrical situa-
tions including channels, plates, spheres, disks. Nanda and
Mohanty [2] studied the hydromagnetic flow in a rotating
channel. Jana et al. [3] presented the magnetohydrodynamic
Couette flow and heat transfer in a rotating system. Hall
effects on MHD Couette flow in a rotating system were exam-
ined by Jana and Datta [4]. An unsteady hydromagnetic Cou-
ette flow in a rotating system was presented by Seth et al. [5].
An MHD Couette flow and heat transfer in a rotating system
was presented by Seth and Maiti [6]. Seth and Ghosh [7] exam-
ined the Hall effects on an unsteady hydromagnetic flow in a
rotating channel with oscillating pressure gradient. Chandran
et al. [8] examined the effect of rotation on an unsteady hydro-
magnetic Couette flow. Singh et al. [9] studied the magnetohy-
drodynamic Couette flow with rotation. Das et al. [10] studied
an unsteady MHD Couette flow in a rotating system. Gosh
et al. [11] examined the Hall effects on an MHD flow in a
rotating system with heat transfer. An unsteady hydromag-
netic Couette flow induced due to accelerated movement of
one of the porous plates of the channel in a rotating system
was presented by Seth et al. [12]. The combined effects of Hall
and ion-slip currents on an unsteady MHD Couette flows in a
rotating system were examined by Jha and Apere [13]. Jha and
Apere [14] presented an MHD Couette flow in a rotating sys-
tem with suction/injection. Be´g et al. [15] studied themagnetohydrodynamic flow in rotating porous media taking
Hall currents and inclined magnetic field influence. Das et al.
[16] examined the effects of Hall currents on an MHD Couette
flow in rotating system. Jha and Apere [17] presented an MHD
Couette flow of rotating fluid with Hall and ion-slip currents.
Singh and Pathak [18] examined the effect of rotation and Hall
currents on a mixed convection MHD flow through a porous
medium filled in a vertical channel in the presence of thermal
radiation. Chauhan and Agrawal [19] examined effects of Hall
current on MHD Couette flow in a channel partially filled with
a porous medium in a rotating system. Seth and Singh [20]
examined effects of Hall currents on an unsteady MHD Cou-
ette flow of class - II in a rotating system. An unsteady rotating
hydromagnetic free and forced convection in a channel subject
to forced oscillation under an oblique magnetic field was
described by Ghosh et al. [21]. Recently, Seth et al. [22] have
studied an unsteady hydromagnetic natural convection flow
of a heat absorbing fluid within a rotating vertical channel in
porous medium with Hall effects. Seth and Singh [23] have
described the mixed convection hydromagnetic flow in a rotat-
ing channel with Hall and wall conductance effects.
Almost all the above mentioned studies have assumed that
fluid properties are constant. However experiments indicate
that this can only hold, if temperature does not change rapidly
or impulsively in any particular way. Hence more accurate pre-
diction of flow and heat transfer can only be obtained by con-
sidering variations of fluid and electromagnetic properties,
especially variations of fluid viscosity, thermal conductivity
as well as electrical conductivity with temperature. The study
of reactive viscous fluids under a Couette flow scenario in a
rotating system is extremely important in understanding lubri-
cant hydrodynamics and heat transfer in engineering and
industrial systems. Generally speaking, most lubricants used
in both engineering and industrial processes are reactive e.g.
hydrocarbon oils, polyglycols, synthetic esters, and polypheny-
lethers and their efficiency depends largely on the temperature
variation from time to time. It is thus important to determine
the heat transfer conditions and thermal loading properties of
viscous reactive fluids to gauge their effectiveness as lubricants.
Makinde [24] presented a steady flow of a reactive variable vis-
cosity fluid in a cylindrical pipe with an isothermal wall. The
second law analysis of Couette flow of a reactive fluid with
variable viscosity under Arrhenius kinetics was carried out
by Kobo and Makinde [25]. Makinde and Onyejekwe [26]
studied an MHD generalized Couette flow and heat transfer
with variable viscosity and electrical conductivity. Chinyoka
and Makinde [27] studied the transient generalized Couette
flow of a reactive third-grade liquid with asymmetric convec-
tive cooling. Theuri and Makinde [28] presented the thermody-
namic analysis during MHD unsteady generalized Couette
flow of viscous fluid with variable viscosity. The thermal anal-
ysis of a reactive generalized Couette flow of power law fluids
between concentric cylindrical pipes was provided by Makinde
[29]. Makinde and Franks [30] studied an MHD unsteady reac-
tive Couette flow with heat transfer and variable properties.
Recently, an unsteady MHD free convective Couette flow with
thermal radiation has been studied by Jha et al. [31]. Jha et al.
[32] have obtained the exact solution of a fully developed
MHD natural convection flow in a vertical annular microchan-
nel. Nayak and Dash [33] have studied the magnetohydrody-
namic couple stress fluid flow through a porous medium in a
rotating channel.
Transient hydromagnetic reactive Couette flow 637Our present paper is devoted to examine the combined
effects of rotation and the magnetic field on the transient
hydromagnetic Couette flow of a reactive viscous incompress-
ible electrically conducting fluid between infinite horizontal
parallel plates in a rotating system. The momentum governing
equations are solved analytically by employing the Laplace
transform technique. It is assumed that conducting incom-
pressible fluid is subjected to an exothermic reaction under
Arrhenius kinetics, neglecting the consumption of the material.
The effects of the pertinent parameters on the fluid velocity,
temperature, shear stress and heat transfer rate are discussed
with the help of graphs and tables.
2. Formulation of the problem and its solution
Consider the unsteady MHD flow of a viscous incompressible
electrically conducting fluid between two infinite horizontal
parallel plates when the fluid and the plates rotate in unison
with uniform angular velocity X about an axis normal to the
plates. Let h be the distance between the two plates.
The upper plate moves with a velocity UðtÞ which is a
known function of time t in its own plane in the x-direction,
where the x-axis is taken along the lower stationary plate in
the direction of the flow. The y-axis is taken normal to the
x-axis and the z-axis is taken normal to the xy-plane (see
Fig. 1), lying in the plane of the lower plate. A uniform trans-
verse magnetic field of strength B0 is applied in the positive y-
direction. Initially, at time t 6 0, the two plates and the fluid
are assumed to be at the same temperature T0 and stationary.
At time t > 0, the plate at y ¼ h starts to move in its own plane
with the velocity UðtÞ and its temperature is T0 whereas the
plate at y ¼ 0 is stationary and maintained at a constant tem-
perature T0. Since the plates are infinitely long along the x- and
z-directions, all physical quantities will be functions of y and t
only.
It is assumed that induced magnetic field produced by the
fluid motion is negligible in comparison with the applied one
so that we take magnetic field as ~B ¼ ð0; 0;B0Þ. This assump-
tion is justified because magnetic Reynolds number is generally
very small for metallic liquids and partially ionized fluids [34].
Liquid metals can be used in a range of applications because
they are nonflammable, nontoxic and environmentally safe.
That is why, liquid metals have number of technical applica-
tions in source exchangers, electronic pumps, and ambient heat
exchangers and also used as a heat engine fluid. Moreover, in
nuclear power plants sodium, alloys, lead–bismuth and bis-
muth are extensively utilized as heat transfer fluids. BesidesReactive viscous
fluid flow
Figure 1 Geometry of the problem.that, mercury plays its role as a fluid in high-temperature
Rankine cycles and also used in reactors in order to reduce
the temperature of the system. For power plants that are
exerted at extensively high temperature, sodium is treated as
heat-engine fluid. Also no external electric field is applied so
the effect of polarization of fluid is negligible [34], so we
assume ~E ¼ ð0; 0; 0Þ. Under the above assumptions, the
Navier–Stokes equations of motion in a rotating frame of ref-
erence are
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where u and w are the fluid velocity components along x and z-
directions respectively, q is the fluid density, m is the kinematic
viscosity, r is the electrical conductivity and p is the fluid pres-
sure. Eqs. (1)–(3) describe the hydromagnetic Couette flow
between infinite horizontal parallel plates of any conducting
medium due to the motion of the upper plate in a rotating
system.
The initial and boundary conditions are
t 6 0 : u ¼ w ¼ 0 for 0 6 y 6 h;
t > 0 : u ¼ 0; w ¼ 0 at y ¼ 0 and u ¼ UðtÞ;
w ¼ 0 at y ¼ h: ð4Þ
On the use of the boundary condition at y ¼ h and Eqs. (1)
and (3), we have
@U
@t
¼  1
q
@p
@x
 rB
2
0
q
U; 2XU ¼  1
q
@p
@z
; ð5Þ
On the use of (5), the momentum Eqs. (1) and (2) along x-
and z-directions become
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Introducing non-dimensional variables
g ¼ y
h
; ðu1;w1Þ ¼ ðu;wÞ
u0
; s ¼ mt
h2
; U ¼ u0fðsÞ; ð8Þ
Eqs. (6) and (7) become
@u1
@s
þ 2K2w1 ¼ @f
@s
þ @
2u1
@g2
M2ðu1  fÞ; ð9Þ
@w1
@s
 2K2ðu1  fÞ ¼ @
2w1
@g2
M2w1; ð10Þ
where M2 ¼ rB20h2qm is the magnetic parameter representing the
ratio of electromagnetic (Lorentz) force to the viscous force,
K2 ¼ Xh2m the rotation parameter which is the ratio of Coriolis
force to the viscous force i.e. inversely proportional to Ekman
number. Large values of Ekman number imply lesser rota-
tional effects. Typical geophysical flows and also laboratory
experiments yield very small Ekman numbers. A small value
of the Ekman number indicates that vertical friction plays a
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Figure 2 Primary velocity profiles across the channel with
increasing time when M2 ¼ 2 and K2 ¼ 4.
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Figure 3 Secondary velocity profiles across the channel with
increasing time when M2 ¼ 2 and K2 ¼ 4.
638 S. Das et al.very minor role in the balance of forces and may, conse-
quently, be omitted. For K2 ¼ 1, the viscous and rotational
forces are of the same order of magnitude. For K2 > 1, the
rotational effects clearly dominate viscous effects. For
K2 < 1, the rotational effects are dominated by viscous effects.
The initial and boundary conditions (4) become
s 6 0 : u1 ¼ w1 ¼ 0 for 0 6 g 6 1;
s > 0 : u1 ¼ 0; w1 ¼ 0 at g ¼ 0 and u1 ¼ fðsÞ;
w1 ¼ 0 at g ¼ 1: ð11Þ
Combining Eqs. (9) and (10), we get
@q
@s
 2iK2q ¼ @
2q
@g2
M2q; ð12Þ
where q ¼ u1 þ iw1  f and i ¼
ﬃﬃﬃﬃﬃﬃ1p .
The initial and boundary conditions for qðg; sÞ are
s 6 0 : q ¼ 0 for 0 6 g 6 1;
s > 0 : q ¼ f at g ¼ 0 and q ¼ 0 at g ¼ 1: ð13Þ
Taking the Laplace transform of Eq. (12) and on the use of
(13), we have
sq 2iK2q ¼ d
2q
dg2
M2q: ð14Þ
The boundary conditions for qðg; sÞ are
qð0; sÞ ¼ fðsÞ and qð1; sÞ ¼ 0; ð15Þ
where fðsÞ is the Laplace transform of fðsÞ.
Solutions of Eq. (14) subject to the boundary conditions
(15) are given by
qðg; sÞ ¼ fðsÞ sinh
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
aþ sp ð1 gÞ
sinh
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
aþ sp ; ð16Þ
where a ¼M2  2iK2.
The upper plate has been set into motion with a speed
fðsÞ ¼ s, which corresponds to the accelerated motion. Then
the inverse Laplace transforms of Eq. (16) gives the solution
for the velocity components as
u1 þ iw1 ¼ s s sinhða ibÞð1 gÞ
sinhða ibÞ þ
1
2ða ibÞsinh2ða ibÞ
 coshða ibÞ sinhða ibÞð1 gÞ  ð1 gÞ½
 sinhða ibÞ coshða ibÞg
þ 2
X1
n¼1
ð1ÞnnpefðaibÞ2þn2p2gs sin npg; ð17Þ
where a; b ¼ 1ﬃﬃ
2
p M4 þ 4K4 1=2 M2h i1=2. Eq. (17) represents
the general solution for the unsteady uniformly accelerated-
started hydromagnetic Couette flow in a rotating system when
the magnetic lines of force being fixed relative to the fluid. On
separating into a real and imaginary parts one can easily
obtain the velocity components u1 and w1 from Eq. (17). In
the inertial frame of reference (K2 ¼ 0), the present problem
reduces to the problem studied by Makinde and Franks [30].
3. Results and discussion
In order to have a physical insight into the problem, a para-
metric study is performed and the obtained numerical resultsare elucidated with the help of graphical illustrations. We have
presented the non-dimensional fluid velocity components u1
and w1 for several values of magnetic parameter M
2, rotation
parameter K2 and time s are presented in Figs. 2–6. The case
M2 ¼ 0 corresponds to the absence of magnetic field. The
default values of the other parameters are mentioned in the
description of the respective figures.
3.1. Effects of parameters on primary and secondary velocity
profiles
Figs. 2 and 3 show the time evolution of the primary and sec-
ondary velocity profiles across the channel for a fixed set of
parameter values. The primary velocity and secondary velocity
increase from its zero value at the lower fixed plate to its max-
imum value at the upper moving plate.
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Figure 4 Primary and secondary velocity profiles for different
M2 when K2 ¼ 4 and s ¼ 0:5.
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Figure 5 Primary and secondary velocity profiles for different K2
when M2 ¼ 5 and s ¼ 0:5.
Transient hydromagnetic reactive Couette flow 639It is seen from Fig. 4 that the primary velocity u1 enhances
and the magnitude of the secondary velocity w1 retards for
increasing values of magnetic parameter M2. This is mainly
due to the influence of Lorentz forces present in the magnetic
field. This is an established result reported by many authors.
Fig. 5 shows that the primary velocity u1 increases and the
magnitude of the secondary velocity w1 enhances near the sta-
tionary plate and retards near the moving plate with an
increase in rotation parameter K2. This is because the Coriolis
force exists only in rotating phenomena and this force pro-
duces the secondary velocity in flow field. In physics, the Cori-
olis effect is a deflection of moving objects in a rotating frame
in the opposite direction. Also, the magnitude of the secondary
velocity w1 retards near the moving plate. It can be interpreted
that the viscous force increases for the accelerated motion ofthe upper plate. Rotation acts to enhance secondary flow
reversal closer to the moving plate. Close to the stationary
plate, the primary velocity remains positive; further from the
stationary plate, as we approach the channel center and there-
after the moving plate, there is a considerable retardation on
the flow leading to significant flow reversal i.e. backflow. Back-
flow is maximized in the region of the upper channel half space
in the vicinity of the moving plate for high rotation, i.e.
K2 ¼ 28. The negative values of secondary velocity w1 in
Figs. 2–5 indicate that for counterclockwise sense of rotation
X, the secondary velocity w1 is in the clockwise sense relative
to the direction of the primary flow. Therefore, the high rota-
tion, i.e. dominance of Coriolis force over hydrodynamic vis-
cous force is counterproductive for the stability of the
secondary flow. One striking feature of the secondary velocity
profile is marked in the case of high rotation, which provides a
practical application in hydro magnetic rotating energy gener-
ator followed by Nayak and Dash [33].
3.2. Effects of parameters on shear stresses
For purposes of engineering design, the shear stresses at the
channel plates are important. The non-dimensional shear stres-
ses at the channel plates g ¼ 0 and g ¼ 1 are respectively given
by
sx0 þ isz0 ¼
@
@g
ðu1 þ iw1Þ
 
g¼0
¼ sða ibÞ cothða ibÞ
þ 1
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þ 1
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n2p2efðaibÞ
2þn2p2gs; ð19Þ
We can then obtain the shear stresses at the plates due to
the primary and the secondary flows on separating into real
and imaginary parts of the complex Eqs. (18) and (19). Numer-
ical results of the non-dimensional shear stresses sx0 and sz0 at
the lower plate g ¼ 0 due to the primary and the secondary
flows and the shear stresses sx1 and sz1 at the upper plate
g ¼ 1 due to the primary and the secondary flows are presented
in Figs. 6–9 for several values of magnetic parameterM2, rota-
tion parameter K2 and time s. Fig. 6 shows that the shear stress
sx0 and the magnitude of the shear stress sz0 enhance for
increasing values of rotation parameter K2. This is because
the rotational drag force leads to an increase in the fluid veloc-
ity gradient at both plate surfaces.
On other hand, the shear stress sx0 increases whereas the
magnitude of the shear stress sz0 decreases as M
2 increases.
As the magnetic field intensity increases, the velocity gradient
increases at the lower fixed plate and decreases at the upper
moving plate due to the resistance effect of Lorenz force at
the upper plate. Fig. 7 reveals that the shear stress sx1 first
decreases, reaches a minimum and then increases and the
0 2 4 6 8 10
0.2
0.4
0.6
0.8
1
1.2
1.4
1.6
1.8
2
M2
τ x
0,
 −
τ z
0
K2 = 2, 5, 7, 8
−τz
0
τ
x
0
Figure 6 Shear stresses sx0 and sz0 for different K
2 when s ¼ 0:5.
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640 S. Das et al.magnitude of the shear stress sz1 increases for increasing values
of rotation parameter K2. The positive values of the shear
stress sz1 at the moving plate g ¼ 1 due to the secondary flow
actually confirm the existence of a backflow for the secondary
velocity. The shear stress sx0 and the magnitude of the shear
stress sz0 enhance when time s progresses as shown in Fig. 8.
As expected, a progress in time the velocity components is
boosted up, leading to an increase in the shear stresses at the
lower plate. On other hand, the shear stress sx0 increases
whereas the shear stress sx0 decreases as time s increases.
Fig. 9 reveals that the shear stress sx1 increases whereas the
magnitude of the shear stress sz1 decreases when time s pro-
gresses. The flow separation does not occur as shear stresses
are never zero.3.3. Heat transfer
The energy equation taking viscous and Joule dissipations into
account is given by
qcp
@T
@t
¼ @
@y
k
@T
@y
 
þ l @u
@y
 2
þ @w
@y
 2" #
þ rB20 ðuUÞ2 þ w2
h i
þQC0Ae
E
RT; ð20Þ
where k is the thermal conductivity, cp the specific heat at con-
stant pressure, T the temperature of the fluid, l the coefficient
of viscosity, Q the heat of reaction, C0 the initial concentration
of reacting species, A the rate constant, R the universal gas
constant. The first term on right hand side is for heat conduc-
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Transient hydromagnetic reactive Couette flow 641tion, the second term for viscous dissipation, the third term for
Joule heating and the fourth term for Arrhenius reaction.
The initial and boundary conditions for temperature are
t 6 0 : T ¼ T0 for 0 6 y 6 h;
t > 0 : T ¼ T0 at y ¼ 0 and T ¼ T0 at y ¼ h: ð21Þ
Following [30], the fluid thermal conductivity is assumed to
vary exponentially with temperature such that
kðTÞ ¼ k0emðTT0Þ  k0½1þmðT T0Þ; ð22Þ
where the parameter m may be positive for some fluids such as
air or water vapor or negative for others like benzene.
Introducing the non-dimensional variable h ¼ EðTT0Þ
RT2
0
, Eq.
(20) becomes
Pr
@h
@s
¼ @
@g
ð1þdhÞ@h
@g
 
þke h1þhþPrEc @u1
@g
 2
þ @w1
@g
 2( )"
þM2 ðu11Þ2þw21
n o#
; ð23Þ
where Ec ¼ Eu20
cpRT
2
0
is the Eckert number which expresses the rela-
tionship between a flow’s kinetic energy and enthalpy,
k ¼ QC0Ah2
T2
0
Ek0
e
 ERT0 the Frank-Kamenetskii parameter or reaction
rate parameter,  ¼ RT0
E
the activation energy parameter,
d ¼ mRT20
E
thermal conductivity variation parameter and
Pr ¼ qmcp
k0
the Prandtl number which is defined as the ratio of
momentum diffusivity (kinematic viscosity) to thermal
diffusivity.
The corresponding initial and boundary conditions are
hðg; 0Þ ¼ 0 for 0 6 g 6 1;
hð0; sÞ ¼ 0 and hð1; sÞ ¼ 0 for s > 0: ð24Þ
The analytical solution of fluid velocity (17) is used in Eq.
(23), and the resulting differential equation subject to the
MHD flow in a rotating system with initial and boundary con-
ditions (24) is solved numerically with the help of MATLAB
software package pdepe. For the analysis of heat transfer char-
acteristics in the flow discussed above, energy equation is taken
in which all the convective terms become equal to zero because
plates of the channel are infinite in extent in x and z-directions.
Therefore, the temperature distribution in the rotating channel
is due to the heat generation by viscous and Joule dissipations
and conduction through the fluid in the transverse direction.
The Prandtl number (Pr) is chosen the values ranging from
0:72 6 Pr 6 2 which are the most encountered fluids used in
plasma physics, engineering, industries and nuclear power
plant as coolant. Ec ¼ 0 presents no Joule and viscous heating.
In the absence of rotation (K2 ¼ 0), the present study reduces
to the problem studied by Makinde and Franks [30]. In order
to verify the accuracy of the present results, we have compared
the results for the temperature profiles with those reported by
Makinde and Franks [30]. These comparisons show excellent
agreement (Fig. 10).
3.4. Effects of parameters on temperature profiles
Fig. 11 exhibits the time evolution of the temperature profiles
across the channel for a fixed set of parameter values. Thetemperature increases from its zero value at the lower fixed
plate to its maximum value at the center region of the channel.
Fig. 12 depicts that the fluid temperature h rises with an
increase in either magnetic parameter M2 or Frank-
Kamenetskii parameter k. A rise in magnetic field intensity
(M2) causes an increase in the fluid temperature within the
channel. This may be explained as the effect of internal heating
generation due to Joule dissipation. An increase in k increases
the internal heat generation within the channel due to exother-
mic reaction, leading to a rise in the fluid temperature.
Fig. 13 shows that fluid temperature h increases as K2
increases whereas it decreases with an increase in thermal con-
ductivity variation parameter d. As the rotation parameter
increases, the Coriolis force increases which results in an
increase in temperature profiles. As d increases, the viscous
heating effect decreases and hence the fluid temperature drops.
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Figure 13 Temperature profiles for different K2 and d when
M2 ¼ 5;Pr ¼ 0:71, Ec ¼ 1; k ¼ 0:1; s ¼ 0:1 and e ¼ 0:1.
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Figure 14 Temperature profiles for different Pr and Ec when
K2 ¼ 4;M2 ¼ 5, k ¼ 0:1; d ¼ 0:1; s ¼ 0:1 and e ¼ 0:1.
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Figure 12 Temperature profiles for different M2 and k when
K2 ¼ 4;Pr ¼ 0:71, Ec ¼ 1; d ¼ 0:1; s ¼ 0:1 and e ¼ 0:1.
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Figure 15 Rate of heat transfer h0ð0; sÞ and h0ð1; sÞ for different
M2 when K2 ¼ 4;Pr ¼ 0:71, Ec ¼ 1; d ¼ 0:1; k ¼ 0:1 and e ¼ 0:1.
642 S. Das et al.Fig. 14 demonstrates that the fluid temperature h increases
with an increase in either Prandtl number Pr or Eckert number
Ec. Prandtl number defines the ratio of momentum diffusivity
to thermal diffusivity for a given fluid. This may be attributed
to the fact that as Pr increases, the fluid thermal diffusivity
decreases, leading to accumulation of heat due to increasing
viscous dissipation effect and hence fluid temperature rises
the MHD reactive flow system. It is noted that small Prandtl
number reactive fluids are more stable as compared to large
Prandtl number reactive fluids. Eckert number Ec is the ratio
of the kinetic energy of the flow system to the enthalpy differ-
ences. It represents the conversion of the kinetic energy into
internal energy by work done against the reactive viscous fluid
stresses. The positive values of Eckert number mean cooling ofthe channel plates, i.e. loss of heat from the plates to the fluid.
Hence, greater viscous dissipative heat causes a rise in the fluid
temperature.
3.5. Effects of parameters on rate of heat transfer
Numerical results of the rate of heat transfer h0ð0; sÞ at the
lower plate g ¼ 0 and the rate of heat transfer h0ð1; sÞ at
the upper plate g ¼ 1 for several values of magnetic parameter
M2, Eckert number Ec, Prandtl number Pr and thermal con-
ductivity variation parameter d are presented in Figs. 15–18.
Fig. 15 shows that the rate of heat transfer h0ð0; sÞ
increases with an increase in either M2 or time s whereas the
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Figure 16 Rate of heat transfer h0ð0; sÞ and h0ð1; sÞ for different
Ec when K2 ¼ 4;Pr ¼ 0:71, M2 ¼ 5; d ¼ 0:1; k ¼ 0:1 and e ¼ 0:1.
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Figure 17 Rate of heat transfer h0ð0; sÞ and h0ð1; sÞ for different
Pr when K2 ¼ 4;M2 ¼ 5, d ¼ 0:1; k ¼ 0:1 and e ¼ 0:1.
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Figure 18 Rate of heat transfer h0ð0; sÞ and h0ð1; sÞ for different d
when K2 ¼ 4;Pr ¼ 0:71, M2 ¼ 5;Ec ¼ 1; k ¼ 0:1 and e ¼ 0:1.
Transient hydromagnetic reactive Couette flow 643rate of heat transfer h0ð1; sÞ reduces as M2 increases. It is
clear that the rate of heat transfer is less near the moving plate
in the presence of magnetic field. Fig. 16 shows that the rate of
heat transfer h0ð0; sÞ and h0ð1; sÞ increases with an increase
in either Ec or time s. This can be attributed to the fact that as
Eckert number or time increases, the dominance effect of tem-
perature gradient increases, leading to an increase in the rate of
heat transfer at both the plates. Fig. 16 shows that the rate of
heat transfer h0ð0; sÞ increases whereas the rate of heat trans-
fer h0ð1; sÞ reduces when Prandtl number Pr increases. This
may be also explained by the fact that frictional forces become
dominant at the stationary plate for increasing values of
Prandtl number Pr and hence yield greater heat transfer rate.Hence, Prandtl number can be used to control the rate of cool-
ing in flow systems. Fig. 17 shows that the rate of heat transfer
h0ð0; sÞ decreases whereas the rate of heat transfer h0ð1; sÞ
increases with an increase in d. As d increases, the thermal con-
ductivity of fluid enhances and hence heat can diffuse from the
moving plate faster. As a result, the rate of heat transfer at the
moving plate increases.
4. Conclusion
In this paper, a transient hydromagnetic Couette flow and heat
transfer of a reactive viscous incompressible electrically con-
ducting fluid between two infinitely long horizontal parallel
plates in the presence of a uniform transverse magnetic field
in a rotating system when one of the plate is set into uniform
accelerated motion under Arrhenius reaction rate has been
presented. A unified closed form analytical expressions for
the velocity field and the shear stresses have been derived using
the Laplace transform technique. The energy equation is
solved numerically using MATLAB. Based on the graphical
presentations, the following conclusions can be summarized
as follows:
 The velocity of reactive viscous fluid within the channel has
been significantly modified due to combined effects of mag-
netic field and rotation.
 The velocity of reactive viscous fluid within the channel is
accelerated when time progresses.
 The temperature of reactive viscous fluid within the channel
reduces due to increasing variable thermal conductivity
while it enhances for increasing values of magnetic param-
eter or Frank-Kamenetskii or rotation or Eckert number.
 The rotation enhances the absolute value of the shear stres-
ses at the lower plate.
 The shear stress due to the primary flow enhances whereas
the shear stress due to the secondary flow reduces at the
lower plate for increasing values of magnetic parameter.
644 S. Das et al. The rate of heat transfer at the lower plate enhances
whereas the rate of heat transfer at the upper plate reduces
as magnetic parameter increases.
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